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Subcommittee on Groundwater, Network Design & Objectives

BACKGROUND



Existing Nationwide Coverage

Wells operated by USGS

Active Groundwater Level Network
Friday. November 086, 2009

Wells operated by States

Results from survey of State networks
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Information - 2009
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Network Purpose & Scope

Purpose: The overall goal is to develop and encourage
Implementation of a nationwide, long-term ground-water
guantity and quality monitoring framework that would
provide information necessary for the planning,
management, and development of ground-water
supplies to meet current and future water needs, and
ecosystem requirements.

Scope: This national framework for ground-water
monitoring and collaboration will be developed to assist
In assessments of the quantity of U.S. ground-water
reserves, as constrained by ground- water quality.
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Pilot Network Approach

» Determine “current picture” of ground-
water monitoring

e Consensus network design principles

e Consensus field methods and data
standards

 Determine approach for compiling data &
making it available

e Consensus on implementation plan
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Goal of Portal

To create a single publically accessible,
automated data portal to relay
groundwater levels, groundwater-quality
data and associated lithological and well
construction information from distributed
databases through a national map
Interface.
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Portal Objectives:

» Integrate National, State and Local GW data
 Make all data available through a single web portal

« Automated data transfer from data providers, through
portal, to public user

 Dynamically access data from original source

 Real-time or near real-time data available

e Data Available \{VVe!vIs operated by USGS
— Well characteristics =
— Water levels yis, g
— Water-quality

Gro

Wells operated by States
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Distributed Network, Open Standards & Mediation

ARCHITECTURE & STRATEGY



Principles:

Distributed — Data stays with owner
Seamless — Acts as one virtual database
Multi-access — Multiple portals, tools

Standards Based — OGC’s WFS & SOS,
EPA's WQX, WaterML, GWML, GeoSciML
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Strategy:

« A centrally managed well registry (hub) contains
a minimum set of data elements for all wells

 Mediator (hub) transforms data from native to

common format and aggregates into a single
dataset
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Hub Components:

| «. _ _ Web Portal - Provides mapping interface
- * _ todisplay and search wells

y Well Registry - Harvests metadata to
=& power web portal searching and intelligent
parceling of search to nodes

Data Mediator - Collects data from each
node and mediates independent formats to
- common ones
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Strategy:

* A centrally managed well registry (hub) contains a
minimum set of data elements for all wells

* Mediator (hub) transforms data from native to common
format and aggregates into a single dataset

« Access state and national datasets (nodes) using
standard protocols and mediate to common formats
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Architecture Continued:

Downloader/ x
Mediator
Node




Map Request Workflow:
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Site Detall Workflow:

b %
N Node
//\X s

Catalog
9

=y &
@ Downloader/ Nech
S
Node
3
=
MNode

Map Ul {__¢ _ Mediator R\\) .

ACWI

Advisory Committee
on Water Information



Data Retrieval Workflow:
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Strategy:

* A centrally managed well registry (hub) contains a
minimum set of data elements for all wells

* Mediator (hub) transforms data from native to common
format and aggregates into a single dataset

« Access state and national datasets (nodes) using
standard protocols and mediate to common formats

e Incorporate OGC web service standards for data
exchange
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Strategy:

* A centrally managed well registry (hub) contains a
minimum set of data elements for all wells

* Mediator (hub) transforms data from native to common
format and aggregates into a single dataset

« Access state and national datasets (nodes) using
standard protocols and mediate to common formats

 Incorporate OGC web service standards for data
exchange

 Leverage existing data models: GWML, WQX,
WaterML2.0
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Architecture Advantages:

« Common, inexpensive and well-supported
software components for data providers

« Data providers maintain ownership of dataset
and have control over which data is exposed

« Allows data providers some flexibility for
Implementation

e Data providers can re-purpose web services

* |ntegration with international groundwater
community
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Agency Collaboration, Data Portal & Challenges to Overcome

PILOT OUTCOMES



What We Learned:

e Data provider technical capabillities vary
 Complicated organizational structures

e Some missing data elements (minimal)
o Structure of well log data varies greatly
 Some spatial and temporal data gaps
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Pilot Results:

* 5 Pilot provided data (from 6 states)

9 Agencies provided data

e 17 Web Services created to serve data

Water Well Log Water Quality
Levels General Construction Lithology
Casing Screen
IL Import/ W Import/\WFS npoer
IN NWIS NWIS AW
T e WES N
MN MA TO
M MWW M
TX A NA NA '
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({ Filter Map Data ‘

Agency Contributing Data

?ctrl + click to select more than one

|All Organization IDs

U.S. Principal Aquifer Name

|
| ARKANSAS SOIL & WATER CONSERVATION COMMIS|
IIL Envtl Protection Agency

|IL State Water Survey

|MT Bureau of Mines and Geology

‘ctrl + click to select more than one

| Al National Aguifers
|Ada-Vamoosa aguifer

| Alluvial aquifers

| Arbuckle-Simpson agquifer
| Biscayne aguifer

M Water Level Network -

ctrl + click to select more than one

| Al Water Level Sub Networks
;5urvei|lance - Background

|Surveillance - Suspected / Anticipated Changes

|Surveillance - Known Changes
|Trend -

(154 Water Quahty Network

ctrl + cllckto select more than one

| &l Water Quality Sub Networks
ESuweiIlance - Background
|Surveillance - Known Changes
| Trend - Background

|Trend - Known Changes

\ | Map
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Number of points meeting criteria: 2553

User uses filters on LHS of the screen
and maps the wells by clicking on the
“Map” button.
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ept
L State Water Survsy
MT Bureau of Mines and Geology
|MN Dept of Natural Resources

~National Aquifer Name

Alluvial aguifers
Cambrian-Ordovician aguifer system
Coastal lowlands aquifer system
Early Mesozoic basin aquifers

Yector Fills

Description: Yector fills is a dynamic map service with the vector base

- map polygon area fills, i.e. the green national forest areas or the blue

- water areas, The fills have been split into separate services: _Small,
,ﬂvd‘ld\hastlusfﬂthesmalscdusadud,domﬂrwﬁl:zm,ow;

and _Large, which is dynamic and covers scales 1:144,000 and larger.

Survelllance Teted -
Surveillance - Unstressed_

arg
Surveillance - Unstressed
Trend - Targeted
Trend - Unknown

- Yectors
Description: This is the beta version of new The National Map, in the
ebMercaborprojmtbn Memzomhstdd,ﬁmlstéshﬁﬂ

and off.

Map layer can be toggled on
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National Ground Water Monitoring Network Data Portal (BETA)

- Agency Contributing Data —

ctr} + click to-select more than ohe

MT Bureau of Mines and Geology
MM Dept of Natural Resources
MM Pollution Control Agency

TXWater DeveicimentBaard | : i =

U.5. Principal Aquifer Bame

ey Mihreapoliss
R ey

Saint. '-'-'LSCQN‘SIN
; N %

éctrl + elick to select more than one

Al National Agu 5 sites were identified nearby.

Alluvial aquifers : _ Site Name il Aquifer Name Agency
Cambrian-Ordovician aquifer system . :

Coastal I_awlands aquifer system SCO010T021BDA Denver Basin aguifer system UsGs

Denver Basin-aguifer system SCO010T001AAB Cenver Basin aquifer system Uses

J SBO010T025CDA Denver Basin aquifer system UsSGSs

T :

Wt rdeve Netirk SB00106930CCHE Denver Basin aquifer system uses

ictrl + click to select more than one SB00106906AA8 Denver Basin aquifer system UsGs f
AllWater Level Sub Netwirks '
Surveillance - Background |5mm. Summary For Ste |

Surveillance - Known Changes
Surveillance - Unknown
Trend - Background

|- Water Quality Network —
;::trF + click to select more than one

Suwe}}la nce- B ackground
Surveillance - Known Changes
Trend - Background

Trend - Known Changes

S

= iOvieans LA

| e |

User then clicks the identify button and
then a well of interest. If multiple wells
are selected a pop-up with the list of
wells is displayed.




When a single well is chosen from the
list the site information will displayed for
that well in a new pop-up.
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| SUrnTa ater Levels |

Agency

{Erl Tk i saiet mene than
| MT Buresu of Mines and Gedl
MN Dapl of Nahiral Resdurtes

MM Fallutioh Control Agency
TXW&‘{DEDE‘UEJFJMEM Eruard

— = ;
Longibude: -74.3467 N ad)

Latitude: 39.5860 = L

Elevation: 1995 ft, /

Wwell Depth: 339.11 ft. e

Resource: LISGS NWIS Database

Natinnal Ayuifer Name
il eich to selset more thisn G

Alluvial eguitars
| Cambrian-Ofdtwican aouitsrays] AL
| Coastal lowlands anuifer system i
|Eary Mesnznic basin aguitsrs
Clay

[FWater Level Netwoik
et # elick o select maore than ong Basaaf |

PRt el SUE TIEWarE
| Survelliance~Targetad Depth From (ft) Depth To (ft) Lithology

| Survelllance-LUinstrezsed 299,21 33243 Sand and gravel
Trend - Targeted E23 Sa5 .09 Clay
Trend - Unstressed

[ watar Quality Network |

Depth From (ft) | Depth To () \ Screen/Casing \ a2 '.'
1l | 30613 | %12 \ Shainles steel ( f\

bk |15
| Survelllance: Targatad

Suwmlfanca Unstressed oB
Trend - Targetad -
Trench = Unknown

Duwnlaad.Data‘l | Done

The well’s lithology and construction information
Is pulled via web services from NWIS and
displayed in the figure and in the tables below.
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United States Groundwater Data Portal

IFilker Map Data
Agency
it + click to select more than one

| All Otganization D5 7]
.IL Envt\ Protedlon Aen

| IL Stata Water Survey
| T Bureaw of Mines and Geology

National Agquifer Name

il + click to select mare than one

P

Alluvial aguifers =
Cambrian-Ordovician aguifar system
Coagtal lowlands aguifer system

=t esneti bl sl

[¥] Water Level Network
i+ click to

lect more than one

Suryeillance - Targete

Surveillance - Unstressed
| Trend - Targeted
| Trend-Unstressed

[ water Quallty Network

éEtI’\ + EHEk 15 se[ett MHICFe than ore

Sur\:enlance Tafgeted

| Surveillance - Unstressed
| Trend - Targeted

| Trend - Unknown
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i SUmmary: || well Loi || Water Levels I

Waker Quality i

36

3%

Depth to water level, feet below land surface
kS

L1
ElDeP‘h to water in feet
&2
ULiaan 10z 1994 LIRS L18se ULR000 L2002 11004 12006 Lf2008  LLjz010
Morthear
Date created:; 02/15/2011 17:02:01
| Date = Time Yalue Unit
03-23-2010 17.30-05:00 feet
10-07-2003 12:31-05:00 45.01 feet
10-06-2003 00:00-05:00 435857500457 7837 feet
10-05-2003 00:00-02:00 45 8539566040039 feet
10-04-2003 00:00-05:00 45.803751373291 feet
10-03-2003 00:00-02:00 49 0943756103516 feet
10-02-2003 00:00-05:00 49 4610404965262 feet
09-30-2003 00:00-05:00 49 4259568925223 feet
09-29-2003 00:00-05:00 49 26791 TE330566 feet
| Dovwnload Data | | Done

Blufisn

~ WELLS €O
i’

J

Mantpalier

GLACKF2RD €O

=Dk

=S
Eaton Redlay

‘ul!“ma
| __ngll‘i t\l‘

/ Lot j
Fe Frankiim Ry,

The water level time-series are displayed
tabular and graphical form.

in
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United States Groundwater Data Portal

Filter Map Data
Agency
cirl + click to select more than one

e

'AI\“Orgarﬁzaﬁ-Dr{-\Ds

<]}

Mational Aquifer Name

otrl+ J:I\ck o select mare than one

| Alluz! aqwfers =
| Cambrian-Ordovician aguiter systam
|Coastal lowlands aguiter system

E_ar_l;f Mesozoic basin aquifers @I

Water Level Network

m SE,[,EEt mw& man o

| Burvaillance - Targeted

| Surveillance - Unstras sed
|Trend Targeted

| Trend - Unstrassed

[l water Quality Network

,Survenlance Targeted

| Burveillance - Unstressed [ l
| Ttend - Targeted =il
| Ttend - Unkniawn

Click an map ta

Mumber of points:

_ uam—wahashu(wn 4

f——)
| SumEry H Well Lig || ‘Water Lévelsl ” Water Quality ||

Export &z CSW

| Characteristic Name Detection Condtion

= Alkalinity

Specific conductance

Diepth to water level below land surface

i
Al Phosphate

Total diszoleed solids
| Tatal diszolved salids

Depth, from ground surface to well wat
I Irom

Sulfate

Chlaride

Potazsium
Sodium, percert total cations
| Sodium sdzorption ratio
| Sacium
Magnesium
Calcium
| Total hardness -- SDVWA MPCWER
Phosphate-phosphorus

Nitrate-nitrite Mot Detected

|
| Alkalinity

| Carbon dioxide
| pH, lab

pH
| Crygen

Total zolids

Hydrogen ion

Specific conductance

!@{__I

Measure Yalue
35

754
3566
0.0
059
433
13
470
B7.0
27
240

20

&3
37
380
G7.00
328
.03
Mot Detected
452

363

25

T

75

14
0.00004
T34

Units

g CaCO3
uSicm @25c
ft

g &z P
tonsfac f
migh

m

ugh

g

gl

g

%

hone:

g

gl

g

tngdl CaCo3
[

g

mef CaOs
g

std units

=td unitz
mgh

g

uSicm @2ac

“elue Type
Actual
Actual
Actual
Actual
Calculzted
Calculated
Calculsted
Actual
Actual
Actual
Artusl
Calculated
Calculated
Actual
Actual
Actual
Caleulsted
Calculatedt
Actual
Actusl
Actual
Calculated
Actual
Actual
Actusl
Caloulsted
Actual

|Download. Dita } | Diane

Orzian

GTOINECO)

piarren—— WF|LSLQ b

Montpatier

GLACKFORD CO

2 o
=Dk
na‘JEn

o
.\lhen\l
i

|aprmgﬁel

f/( .r‘E

leet
Louuz ille
_\_‘ "f:'flmkfg_n“LXT

in tabular form.

The water quality data is also displayed
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‘J\'J}(‘I) Commities

Exuart a5 CSY

Value Type Ll

Characteristic Name Dietection Condtion Weastre Yalue Units: =
Lo Abeslirity 381 el CAC03 Aetial
Agency Specific conductance 754 uSietmn @250 Actusl
ot + click o select thiore than ane Depth to water level below land surfac: 38665 ft Actusl
|4l Oraanization (D= = Phoshate 001 mg a5 P Actual
L Enl Pfﬁtw"ﬂ” Ageric _|| Totsl dissalved salids 053 tarsias f Calcubated
N Depl of Nahisl Besalire = i B
[ |LblatE| Wa'iEr Shnvey Tutsl dissolved sdlids 433 mg Calculated
| MT Biiresu of Mings and Gealagy Deth, from ground skirface to sl wal 18 o e
_ Iran 470
Mational Agquifer Name Siifate 870 —
tr| + click w sglect mias than are Chibride 27 ) ]
You have chosen to open iy
T S Potsssium 34 fl
Allsdnl aguifers m et perosri kel o export |
;Eafntman Sl YiciEn aquifersystam G ] i which is & applicationjocket-stream
{Cansiol lowiands agiiifer syste; e froms eepsyjcids. sgs.qav
| Eatly Mezazaic basin sguilers e | Sl : T -
{EatlyMesozaic binsin agu(fers = || sodlm What should Firsfax da with this fil=?
— Maznesium |__1l
[l water Level Network | ol ) operimith
alcium
it +ielick 1o select more thar one e s @) e 1 \
= Hina ) |
Phiosphate-phosphoros | i =S, * = bl gk
;Sur\reﬂlame ngetad | i ) PRSP | D this attomaticaly Far Files ke this From mog o,
| Buveflance - Unslessed ] Miete il - stected
| Trend-Targeted VERMILI] | Total solids Cancel.
| Trend-Linstressed M| Allnity 365
[¥] Waster Quality Notwark i L o Catbor dioxlde 25
‘eirl+ click 1o select fore than one Fet i LAy ol
= me—— 4 = pH it st units Btual
(Burveillance - Targetsd 7 km Oneygen 141 ma Aictial
|Surnvelllance-Unstresged & | Rydrogenion 0.00004 ma Calzulated I} VAl
Trand-Targeted il = || sy
i : - pecific conductance 734 USlom @250 Actual il A _
Trand=Unknow ‘ 10mi @F I.:p.ut\‘ﬁmrlu 3
s : el ———— | B =7 b st o
Sl W = = u...m\l» i
s i 1 o oot )
Mep N gl e | Covurioad pata | | Done |

All of the data about the well may be
exported in a tabbed excel spreadsheet
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Scaling Up, Well Registry Management & Advanced Features

NEW DEVELOPMENT



Well Registry Management

Data Providers can manage well information
_ogging of changes to well classification
Review of well data for managers

Logoutl
View Well Registry |~ Import Wells from NWIS |

Page 1

Menu
* View Well Reglstry In this application you can view the wells and their respective metadata that are currently part of the NGWMN network. You may also turn wells on and off by changing the 'display’ designation
B from NWIS without having to remove them from the system. Lastly,you are able to add new wells and edit existing ones. For a detailed description of the well registry fields, see the Well Registry

SR E e S Guidance Document and the User Documentation. For more information on well selection and well classification see the Framework Document.
Well Classification Definitions:
WL Sub-Network:

Is the well part of the WL network (default is “Yes")? All wells marked as "Yes" will be included in the NGWMN WL network. This is not too important now, but will become more important when
Water Quality wells from NWIS are also added to the Network. A well could be a QW site, but not a WL site, etc.

WL Well Purpose:
A two category classification of the well to document the well's original purpose (a) 'Dedicated Monitoring/Observation', or (b) 'Other’ (i.e.not a dedicated monitoring well).
WL Well Type:

Three choices are possible; Trend, Surveillance, or Special Studies. 'Trend' wells have a monitoring frequency appropriate to determine long-trends and seasonal variability (typically quarterly
at least), 'Surveillance' wells are 'synoptic' snapshots of data used fo tie together the 'Trend' wells. 'Special Studies' wells are likely to be local areas of depletion or impairment.

WL Baseline:

A ‘baseline’ period of at least 5 years of data must be available to achieve the 'baseline period' for a well or spring. Has the baseline period for water-levels been satisfied (are there 5 years of
data) (Y/N)? All wells that are classified as 'Baseline' wells need to have the WL_Well_Characteristics field populated.

WL Well Characteristics:

The characteristics of the aquifer that the well represents: 'Background', ‘Suspected/Anticipated Changes', or 'Known Changes'. This column is required if the WL_Baseline_Flag is set to 'Yes'.
Wells that represent background conditions and have not changed substantially over time can be classified as ‘Background’. Wells that have definitely been affected can be classified as
demonstrating 'Known changes'. The final category is for wells for which clear changes cannot be identified or for which changes are expected. These wells can be classified as 'Suspected /
Anticipated Changes'.




Addition of USGS Wells

e USGS wells added to
network

Click and drag map

| R B

“i . _ee!
WESHINGTGN
T

Portland 7.

7 S~

I g
AT NEVADA

’@mi.
500 km.

Number of points meeting criteria: 2553

JOREGON % IDAHO |
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DAk
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o

e Collaboration with
WSC scientists

 Well data pulled from
NWIS directly

Home | View Well Registry | 8100080 EHES TR

Reset Cancel

STEP 1: Choose Filter Criteria

State | -Choose One- 3|

Min # of Water Level Measurements
Site

National Aquifer | -Choose One-

Local Aquifer | ~Choose Gne- 3
~Choose One- + | NWIS Host
Agency —
-Choose One- |

Search |




New Development

e Scale-up infrastructure to support full
Implementation
— Performance

— Reliabllity

— Stability
e Multi-site download
» Advanced querying | o

lllllll
Observations
aaaaaaaa

International
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Depth to water level, feet below land surface
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Summary:

 Distributed data accessible in a single location &
format

« Data providers maintain ownership

o Standards based architecture for interoperability
 Final Product: Integrated state and federal network
* Underlying mediated services made available

e Distributed architecture can be re-used for other
applications & data types
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Join the Network!

Contact:

Bill Cunningham
Acting Chief, Office of Groundwater
411 National Center
Reston, VA 20175
703-648-5005
wcunning@usgs.gov
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